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the environment of use in industries such as the 
aerospace industry. Furthermore, coatings and 
laminations which are typically used in the manu- 
facture of piezo film contact transducers, such as 
Kynar®, impede ultrasonic performance, thus mak- 
ing them generally unsuitable for ultrasonic contact 
transducer applications. 

it is therefore desirable to provide an ultrasonic 
piezo film contact transducer that is flexible, is 
acoustically well matched to composite materials 
and is not susceptible to electromagnetic interfer- 
ence, but is inexpensive, lightweight, portable and 
easy to manufacture. It is also desirable to provide 
a structure for an ultrasonic film contact transducer 
that can easily and economically be employed to 
manufacture one piece arrays of. transducers that 
have good acoustic and electric properties. The 
present invention achieves these goals. 

Summary of the Invention 



An ultrasonic contact transducer according to 
the invention comprises: an unpoled polymeric film 
layer, defining a backing/insulating layer, having 
outer and inner surfaces; a first electrode shielding 
layer disposed on the outer surface of the unpoled 
polymeric film layer; a poled piezo film layer hav- 
ing outer and inner surfaces; a second electrode 
shielding layer disposed on the outer surface of the 
poled piezo film layer; and, a quarter wave reflector 
disposed between the inner surfaces of the un- 
poled polymeric film layer and the poled piezo film 
layer. A metallic charge collection layer may be 
disposed between the inner surface of the poled 
piezo film layer and the quarter wave reflector. 

The unpoled polymeric film layer may com- 
prise unpoled piezo film, such as unpoled poly- 
vinylidene fluoride, or a polyethylene teraphthalate, 
such as MYLAR®. The thickness of the unpoled 
polymeric film layer is preferably no greater than 
about 1/4 wavelength. The poled piezo film layer 
may comprised a layer of polyvinylidene fluoride; a 
copolymer of vinylidene fluoride, such as a 
copolymer of vinylidene fluoride and at least one of 
trifluoroethylene, tetrafluoroethytene, hex- 
afluoroethylene and vinylidene chloride; a polymer 
of polyvinyl chloride; or, a polymer of acrylonitrile. 
Preferably, the thickness of the poled piezo film 
layer and the quarter wave reflector layers is about 
1/4 wavelength. 

An ultrasonic contact transducer array accord- 
ing to the invention comprises: a common 
backing/insulating layer having inner and outer sur- 
faces; a first shielding electrode disposed on the 
outer surface of the common backing/insulating 
layer; a common poled piezo film layer having 
inner and outer surfaces; a second shielding elec- 



trode disposed on the outer surface of the common 
poled piezo film layer; a plurality of quarter wave 
reflector elements disposed between the inner sur- 
faces of the common backing/Insulating layer and 

5 the common poled piezo film layer; a polymeric 
shielding layer disposed around the quarter wave 
reflector elements and having a metallic layer de- 
fining a ground plane on a surface adjacent the 
common poled piezo film layer but electrically iso- 

io lating the quarter wave reflector elements from 
each other and from the ground plane; and, a 
plurality of lead means disposed between the inner 
surface of the common backing/insulating layer and 
the quarter wave reflector elements for providing 

75 \ an electrical path from the quarter wave reflector 
elements to a common edge of the array. 

The construction of each transducer in the ar- 
ray may be the same as or similar to the construc- 
tion of the individual transducers described above. 

20 The array may include one or more electronic 
components, such as amplifer circuitry embodied 
as surface mounted integrated circuits, mounted 
directly on the backing/insulating layer of the array. 

25 

Brief Description of the Drawings 

Figure 1 depicts an exemplary application of 
flexible ultrasonic contact transducers in accor- 
30 dance with the present invention; 

Figure 2 is an exploded view of a single piezo 
film ultrasonic contact transducer according to 
the present invention; 

Figure 3 illustrates, partly in section, one em- 
35 bodiment of the single transducer shown in Fig- 
ure 2 coupled to a coaxial cable; 
Figure 4 depicts, partly in section, another em- 
bodiment of the single transducer shown in Fig- 
ure 2 coupled to a coaxial cable; and 
40 Figure 5 illustrates, partly in section, the em- 
bodiment of the single transducer shown in Fig- 
ure 2 coupled to a shielded cable having a pair 
of conductors. 

Figure 6 illustrates a transducer array according 
45 to one embodiment of the invention. 

Figure 7 illustrates a transducer array according 
to another embodiment of the invention. 
Figure 8 is a cross section taken through line 8- 
8 of Figure 6. 

so Figure 9 illustrates one layer of the transducer 
array of Figure 6. 

Figure 10 illustrates one step of manufacturing a 
transducer array in accordance with one em- 
bodiment of the invention. 
55 Figure 11 illustrates another layer of the trans- 
ducer array of Figure 6. 

Figure 12 illustrates another step of manufactur- 
ing a transducer array in accordance with one 
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embodiment of the invention. 
Figures 13A and 13B illustrate a transducer ar- 
ray according to yet another embodiment of the 
invention. 

Figure 14 illustrates a transducer array accord- 
ing to still another embodiment of the invention 
Figures 15A - 15C illustrate a method of manu- 
facturing a transducer array according to yet 
another embodiment of the invention. 



Detailed Description of the Invention 

Referring now to the drawings, wherein like 
characters designate like or corresponding parts 
throughout the several views, there is shown dia- 
grammatically in Figure 1 a nondestructive testing 
apparatus 10 for performing ultrasound tests on an 
object 12, such as an aircraft wing component 
manufactured from composite materials. The ap- 
paratus 10 generally comprises one or more flexi- 
ble piezo film ultrasonic contact transducers 14 
ultrasonic instrumentation means 16 for stimulating 
transducers 14 as well as for processing return 
signals received from the transducers 14, and ca- 
ble means 18 for electrically coupling the contact 
transducers to the ultrasonic instrumentation means 
and carrying the stimulation and return signals 
Each transducer may be a single ultrasonic contact 
transducer 14 constructed as described herein, or 
each may be a transducer array 44 or 44' (Figures 
6 and 7) constructed as described herein. Except 
as noted, the basic construction and structure of 
the individual transducers 14 and the transducer 
arrays 44, 44 is similar, however each will be 
described separately for purposes of clarity It is to 
be understood therefore, that a transducer array 
44. 44 may be constructed in accordance with the 
teachings of the single transducer embodiment 14 
including, for example, an array of single trans- 
ducers 14. 



Single Transducer Embodime nt 

Figures 2-5 illustrate the structure of a single 
transducer 14 according to the present invention 
Each of the transducers 14 comprises a "poled" 
piezo film layer 20, a first shielding electrode 22 
disposed on the outer- surface 36 of the piezo film 
layer 20, an unpoled polymeric film layer 24 a 
second shielding electrode 26 disposed on the 
outer surface 34 of the polymeric layer 24, and a 
metallic layer 28, forming a quarter-wave reflector, 
that is laminated between the inner surfaces 30 38 
of the layers 20, 24, respectively. The poled piezo 
film layer is preferably oriented as shown, i.e with 
the negative (-side adjacent the quarter wave re- 
flector layer 28 (i.e., disposed inwardly) and the 



positive ( + ) side adjacent the first shielding elec- 
trode layer 22 (i.e.. disposed outwardly). The un- 
poled polymeric film layer 24 forms a 
backing/insulating layer, which, when constructed 
s as herein described, provides improved acoustic 
attenuation and electrical shielding relative to prior 
art transducers. The first and second shielding 
electrodes also substantially reduce the susceptibil- 
ity of the transducer 14 to electromagnetic interfer- 
io ence (EMI) when constructed as herein described 
"Poling" is well known and refers to the pro- 
cess of exposing a piezo material to a high electric 
field at elevated temperatures. The level of piezo 
activity obtained from poling depends not only 
rs upon the poling time, but also upon the field 
strength and temperature. When carried out prop- 
erly, the poling process provides a substantially 
permanent orientation of molecular dipoles within 
the piezo material. Thereafter, when a working volt- 
20 age is applied to the electrodes of the poled piezo 
material, the poled piezo material will elongate or 
contract, depending upon the polarity of the ap- 
plied voltage. Conversely, when an external force is 
applied to the poled piezo material (compressive or 
25 tensile strain), the poled piezo material will develop 
a proportionate open circuit voltage. 

The poled piezo film layer 20 shown in Figures 
2-5 preferably comprises a polymeric piezo ma- 
terial, such as polyvinylidene fluoride (PVDF)- a 
30 copolymer of vinylidene fluoride (VDF), such as a 
copolymer of VDF with at least one of 
trifluoroethylene (TrFE), tetrafluoroethylene, hex- 
afluoroethylene or vinylidene chloride; a polymer of 
polyvinyl chloride; or, a polymer of acrylonitrile 
35 One suitable polyvinylidene fluoride film is manu- 
factured under the registered trademark Kynar® by 
the assignee of the present invention, although 
other polymeric piezo films can be utilized without 
departure from the true scope of this invention The 
40 other above mentioned films that can be employed 
m the practice of the invention are also commer- 
cially available. 

The unpoled polymeric film layer 24 preferably 
comprises either an unpoled piezo film layer, such 
<s as unpoled PVDF, or a layer of polyethylene 
teraphthalate, such as MYLAR®. Better results 
have been observed when polyethylene teraph- 
thalate, such as MYLAR®, is utilized for the 
backing/insulating layer 24. When the unpoled 
so piezo film has been mechanically orientated during 
processing, it is preferable to anneal the layers 24 
to prevent, or at least reduce, shrinkage which may 
occur when the transducer is used in high tempera- 
ture applications. 
55 Aluminum or copper foils may be employed for 

the quarter-wave reflector 28. The quarter wave 
reflector layer 28 and the poled piezo film layer 20 
preferably have thicknesses t (which is different for 
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the two layers) determined according to the follow- 
ing equation: 

t = VrMfo, 

where f 0 is the resonant frequency of . the poled 
piezo film layer 20, and v r is the acoustic velocity 
of the layer 20 or 28 for which the thickness, is to 
be determined. The resonant frequency f 0 of the 
poled piezo film layer 20 can be easily determined 
according to the equation: 
f 0 = c,/4d, 

where d is, the thickness of the poled piezo film 
layer 20, and c ( is its acoustic velocity. For exam- 
ple, for a 12 MHz resonant frequency, the thick- 
ness of a poled PVDF film layer- 20 (v r = 2400 
m/sec) would be 50u and the thickness of a copper 
layer 28 (v r = 5000 m/sec) would be 104u. Stated 
otherwise, the thickness of the layers 20, 28 should 
not exceed, and- preferably should be about equal 
to, 1/4 of the wavelength of the piezo film layer's 
resonant frequency calculated at the acoustic ve- 
locity of the layer under consideration. 

The purpose of the unpoled backing/insulating 
layer 24 is two-fold: (i) to ' prevent, or at least 
minimize, reflection of any acoustic energy that 
may pass through the quarter wave reflector layer 
28 back into the layers 20, 28; and (ii) to elec- 
trically insulate the quarter wave reflector layer 28 
from the outside environment and reduce EMI and 
other electrical noise. Thus, from an acoustic 
viewpoint, the backing/insulating layer 24 should 
have a thickness that substantially reduces acous- 
tic reverberation therein. From an electrical stand- 
point, the backing/insulating layer 24 is a dielectric 
material representing a shunt capacitance and this 
capacitance should be minimized. An important 
consideration is that the dissipation factor, or loss 
tangent (tan 5 e ). of the backing/insulating layer 24 
be less than or equal to that of the poled piezo film 
layer 20. Preferably, the dissipation factor of the 
backing/insulation layer 24 is less than that of the 
poled piezo film layer 20. When unpoled piezo film, 
such as unpoled PVDF, is employed as the 
backing/insulating layer, good results have been 
observed when its thickness is about 1/4 of -the 
wavelength of the poled piezo film's resonant 
freguency calculated at the backing/insulating lay- 
er's acoustic velocity. When polyethylene teraph- 
thalate, such as MYLAR®, is employed as the 
backing/insulating layer 24, excellent results have 
been observed when the thickness is from 1/8 to 
1/16 of the wavelength of the resonant frequency of 
the poled piezo 1 film layer calculated at the 
backing/insulating layer's acoustic frequency. How- 
ever, good results have been observed even when 
this material is as thick as 1/4 wavelength. Gen- 
erally, therefore, it can be said that the. thickness of 
the unpoled backing/insulating layer should be no 
greater than about 1/4 of the wavelength of the 



resonant frequency of the poled piezo film layer 
calculated at the backing/insulating layer's acoustic 
velocity, or: 
t S v r f c 

s where t is the thickness of the unpoled 
backing/insulating layer, v r is the acoustic velocity 
of the unpoled backing/insulating layer, and f 0 is 
the resonant frequency of the poled piezo film 
layer. Overall, use of polyethylene teraphthalate, 

10 such as MYLAR®, is preferred for the 
backing/insulating layer 24. 

Referring now to Figures 2 and 4, it can be 
seen that the poled piezo film layer 20 preferably 
includes (on the inner surface 30 thereof) a metallic 

75 layer or coating 32. This coating is preferably pro- 
vided on the negative side of the poled piezo film 
layer 20 and has been found to provide better 
collection of charge. This coating, however, is not 
necessary to practice this invention. The coating 

20 may be applied by any well known procedure such 
as vacuum deposition or silk screening. Vacuum 
deposition is preferred over silkscreened conduc- 
tive inks because thinner layers can be deposited 
(100-1,000 Angstroms versus 1-10 microns). Con- 

25 ductive layers thicker than 1,000 Angstroms may 
adversely affect acoustic performance by causing 
unwanted reflections and acoustic impedance mis- 
matching between the poled piezo film and quarter- 
wave reflector layers. Thus, a vacuum deposited 

30 layer from 100 to 1,000 Angstroms thick is pre- 
ferred. 

Copper, silver, nickel, aluminum, tin, chromium 
or gold, or combinations of those metals are prefer- 
ably employed for the first and second shielding 

35 electrodes 22, 26 and may be vacuum-deposited 
or silk screened. Vacuum-deposited layers prefer- 
ably should not exceed more than about 1000 
Angstroms, while silk-screened conductive inks 
should preferably be applied in thicknesses of from 

40 about 3 microns to about 5 microns. 

Various techniques may be employed to cou- 
ple each transducer 14 to the ultrasonic instrumen- 
tation means 16 (Figure 1), as shown in Figures 3- 
5. Each technique employs a cable 18 to perform 

45 the coupling, but the cabling and wiring of the 
cabling to the transducer, may take different forms. 

Referring to the embodiment of Figure 3, for 
example, the cable 18 is a well known coaxial 
cable that includes at least one conductor 40 and a 

50 shield 42, As shown, shield 42 of the coaxial cable 
18 is coupled to both the first and second elec- 
trodes 22, 26, and the center conductor 40 is 
connected to. the quarter-wave reflector 28. In this 
embodiment, the first and second electrodes 22, 26 

55 are shorted together as shown. A conductive silver 
ink may be employed to effect the shoring of the 
two electrodes. 

Figure 4 illustrates a preferred coupling for an 
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alternative embodiment of the transducer 14 ie 
having the metallic layer 32 as hereinabove de- 
scribed. The coupling is identical to that of Figure 

Figure 5 illustrates yet another preferred cou- 
pl-ng for a transducer 14 of the type described 
herein. The coupling of Figure 5 employs a so 
called twin-axial or "twinax" cable 18 having a pair 
of center conductors. In this embodiment, first elec- 
trode 26 is coupled to the shield 42 which provides 
a ground ("GND"). The quarter-wave reflector 28 is 
coupled to one of the center conductors 40 The 
second electrode 22 is coupled to the other center 
conductor 44. In this embodiment, -the first and 
second electrodes 22. 26 are not shorted together 



Transducer Array Embodiment 

Figures 6-9 and 11 illustrate the structure of 
two embodiments of a transducer array according 
to the present invention, i.e.. Figure 6 illustrates 
one embodiment, while Figure 7 illustrates another 
embodiment, but Figures" 8. 9 and 11 are ap- 
plicable to both embodiments. Figures 10 and 12 
illustrate a method of constructing the transducer 
arrays according to one aspect of the invention 

As shown, a plurality of like transducers 14 are 
arranged m an integral one piece array 44 (Figure 
6) or 44 (Figure 7). In the embodiment of Figure 6 
the transducers 44 are arranged into a plurality of 
electncally coupled groups, consisting of electri- 
cally coupled rows (or columns), each group being 
-nd.vidually addressable by means of pin outs or 
pads 48. In the embodiment of Figure 7 each 
transducer 14 of the array 44' has a separate 
electrical lead to a separate associated pin out or 
pad 48 so that each transducer is individually 
addressable. In both cases, the pin outs or pads 
48, 48 are adapted to mate with an electrical edqe 
connector 46, 46 . Except for the transducers of the 
array 44 being arranged into electrically coupled 
groups (whereas those of array 44' are not elec- 
tncally coupled), the structure of the arrays is iden- 
tical. That structure will now be described. 

Referring to Figure 8, each array 44 44' 
shares , a common backing/insulating layer 24 a 
common poled piezo film layer 20, a common first 
e ec rode shielding layer 22 and a common second 
electrode shielding layer 26. However, each trans- 
ducer 14 has a separate quarter wave reflector 
element 28, as shown. The preferred materials of 
construction, their thicknesses, the considerations 
to be given to. their manufacture, etc., are as 
hereinbefore described in connection with the sin- 
gle transducer embodiment. 

Referring still to Figure 8, the array 44 44' 
further comprises a common lead shielding layer 



54 and a pair of hot leads 50, 52 which will be 
described in more detail hereinafter. The hot leads 
50 correspond to the leads shown in Figures 6 and 
7 that connect each of the transducers 14 to the 
s pin outs or pads 48, 48. It will be appreciated from 
Figure 8 that the first shielding electrode 22 is 
disposed on the outer surface of the common 
poled p.ezo film layer 20 and that the second 
sh.eld.ng electrode 26 is disposed on the outer 
70 surface of the common backing/insulating layer 24 
It w.ll also be appreciated that each of the quarter 
wave reflector elements 28 is disposed between 

hL- 7 er , • SUrfaCeS 0f the c °™°n 
back.ng/?nsulat.ng layer 24 and the common poled 

Ztl T ? V !. r 2 °- 11 Wi " fUrther be ^Predated 
that the lead shielding layer 54. which is disposed 
around each of the quarter wave reflector elements 
28. 1S also disposed between the inner surfaces of 
the common backing/insulating layer 24 and the 
20 common poled piezo film layer 20. Further, it will 
be appreciated that each of the hot leads 50 is 
disposed between the inner surface of the common 
backing/insulating layer 24 and the quarter wave 
reflector elements 28. 
25 As mentioned, the hot leads 50 provide an 

electrical path from, each of the quarter wave re- 
flector elements 28 to a common edge of the array 
44. such as to pin outs or pads 48 48' 
Preferably, a common hot lead 52, defining a 
30 ground plane, is disposed on a surface of the lead 
3h.eld.ng layer 54 that is adjacent to the inner 
surface of the common poled piezo film layer 20 
as shown. As also shown, the lead shielding layer 
54 preferably has a clearance area 55 around each 
35 o the quarter wave reflector elements 28 so as to 
electrically isolate the quarter wave reflector ele- 
ments 28 from each other and from the ground 
plane 52. 

Turning now to Figure 9, further details of the 
<o construction of the array 44, 44' will be described 
The quarter wave reflector elements 28 may be 
disc shaped, in which case alignment borders 58 
may be provided (e.g., printed or etched) on the 
.nner surface of the common backing/insulating lay- 
's er 24 to aid in the placement of each of the 
elements 28 as will become evident hereinafter 
Before affixing the quarter wave reflector elements 
28 to th.s layer, however, lead contacts 56 and 
electrical leads 50 must first be provided on the 
so inner surface of the common backingrfnsulating lay- 
er 24. Preferably, the electrical leads 50 and lead 
contacts 56 comprise conductive silver ink applied 
by any well known means such as silk screening 
or a metallized contact pattern affixed to the sur- 
as face. Thereafter, and as better illustrated in Figure 
10. each quarter wave reflector element 28 is ap- 
plied within the alignment borders 58 eq bv 
conductive epoxy. PVC tape 62 is thereafter' ap- 
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plied across each row of elements 28 and pressed 
together until the epoxy has cured. However, be- 
fore bonding the quarter wave reflector elements 
28 to the layer 24, the inner surface thereof should 
first . be vapor-degreased and helium plasma 
etched. 

Figure 10 illustrates a preferred method for 
pressing the elements 28 to the layer 24. As 
shown, the layer 24 containing the epoxy, quarter 
wave reflector elements 28 and PVC tape 62 is 
pressed between two platens 64, 72. A neoprene 
cushion 66 and a 5-10 mil polyethylene release 
layer 68 are preferably disposed between the plat- 
en 64 and the quarter wave elements 28 and PVC 
tape 62, as shown. Another 5-10 mil polyethylene 
release layer and a sheet of 1 /2 inch plate glass 70 
are preferably disposed between the platen 72 and 
the layer 24, as shown. The platen 72 is preferably 
heated to about 65 *C. Moderate pressure, i.e., 
about 100 psi, is applied to the platens so as to 
press each of the quarter wave reflector elements 
28 onto the layer 24 for a secure bonding. The 
press is preferably heated to 40 ° -70 * C for several 
hours until the conductive epoxy has cured. The 
neoprene cushion 66 aids in applying uniform pres- 
sure to each of the quarter wave reflector elements 
28 and in preventing them from moving out of 
position during curing. 

After the conductive epoxy has cured and the 
assembly 24, 28 is removed from the press, the 
PVC tape 62 should be removed and the assembly 
24, 28 should again be vapor-degreased and he- 
lium plasma etched.- 

The lead shielding layer 54 may be applied 
after completion of the preceding steps. Figure 11 
illustrates one preferred construction of a lead 
shielding layer 54. As shown, the lead shielding 
layer 54 is a film having a plurality of disc-shaped 
cutouts 76 at locations corresponding to locations 
of the quarter wave reflector elements 28 on the 
common backing/insulating layer 24. One side of 
the lead shielding layer 54 is coated with conduc- 
tive silver ink, or metallization, by any well known 
means, to provide the ground plane 52. No ground 
plane or electroding is provided in the region 78 
where the pin outs or pads 48, 48 are to be 
provided. As mentioned, clearance areas 55 are 
provided around the periphery of each of the quar- 
ter wave reflector elements 28 to prevent electrical 
shorting therebetween. Alternatively, the lead 
shielding layer 54 may abut the quarter wave re- 
flector elements 28, but no metallization or elec- 
troding is provided in the regions 55 adjacent the 
periphery of the elements 28. The lead shielding 
layer is preferably about 0.001 inch thinner than 
the thickness of the quarter wave reflector ele- 
ments 28. 

Figure 12 illustrates one method of performing 
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the final construction step. Preliminary to perform- 
ing this step, each of the layers 20, 24 (including 
the epoxied quarter wave reflector elements 28) 
and 54 should be vapor degreased and helium 

5 plasma etched. RBC epoxy is thereafter preferably 
applied between each of the layers 20, 24 and 54 
and these layers are pressed between a platen 80 
and a platen 82 at about 200-500 psi until the 
epoxy has cured. A sufficient amount of epoxy 

to should be applied so that it flows outwardly from 
the edges of each of the layers and the pressures 
should be sufficient to remove any air pockets in 
the epoxy. As shown, the press preferably includes 
a neoprene cushion 84 and a 5-10 mil polyethylene 

75 release layer 86 disposed between the platen 80 
and the layer 24, and a 5-10 mil polyethylene 
release layer 86 and a sheet of 1/2 inch piate glass 
88 disposed between the layer 20 and the platen 
. 82. The platen 82 is preferably raised to a tem- 

20 perature of about. 65* C. A preferred mixture for the 
epoxy is two parts 3215 to one part AB-530. 

The following considerations should be taken 
into account when applying the epoxy between the 
layers 20, 24 and 54. The thickness of the epoxy 

25 layer, particularly between the common poled 
piezo film layer 20 and the quarter wave metallic 
reflector elements 28, should be thin enough so as 
not to impede acoustic performance. A thickness of 
1-8 microns, and preferably 1-4 microns, has been 

30 shown to be acceptable for poled piezo film layers 
as thin as 28 microns. 

If desired, a metallic charge collection layer 32 
may be applied to the inner surface (negative side) 
of the common poled piezo film layer 20 as herein- 

35 ^ before described. As a final step, after the epoxy 
has cured and the array has been removed from 
the press, the ground plane 52 may be electrically 
coupled to ground to provide electrical shielding. 
This prevents the common poled pie20 film layer 

40 20 from being piezo active in the regions between 
the quarter wave reflector elements 28. That is, 
without this ground plane 52, the poled piezo film 
layer 20 would be piezo active in the regions 
between the outer shielding layer 22 and the hot 

45 leads 50 and 50 . This would othervise affect both 
the electrical and acoustic performance of the tran- 
sducer. 

As an alternative to use of the PVC tape 62 in - 
the construction of the transducer arrays described 

50 herein, a plurality of washer shaped transfer ele- 
ments 62 , which may be die-cut from double fac- 
ed tape, may be employed. See Figure 14. In such 
case, each transfer element 62' should be placed 
on the backing/insulating layer 24 and centered 

55 about a respective one of the lead contacts 56. A 
drop of conductive epoxy is then applied over each 
lead contact 56 and the respective quarter wave 
reflector 28 is mounted thereon. The conductive 
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epoxy maintains electrical contact between each 
lead contact 56, and hence the lead 50, and the 
respective quarter wave reflector 28. The transfer 
elements 62 perform the function of adhering the 
quarter wave reflectors 28 to the backing/insulating 
layer 24 so that electrical contact is made with lead 
contacts 56. One suitable material from which the 
die-cut washers defining the transfer elements 62' 
may be manufactured is 0.001 inch acrylic trans- 
fer adhesive film. Use of the transfer elements 62' 
in lieu of the PVC tape 62 omits the cumbersome 
task of maintaining alignment of the miscellaneous 
parts of the transducer array when fabricated as 
above described. 

Figures 15A - 15C illustrate another alternative 
to the manufacturing process illustrated in Figures 
10, 11 and 12. It has been found that each of the 
quarter wave reflectors 28 do not need to be cus- 
tom cut and individually bonded into place within 
the cutouts 76 of the lead shielding layer 54 as 
above described. Instead, as shown in Figures 15A 
and 15B, oversized metallic elements 28' may be 
disposed, without critical alignment, over a plurality 
of the cutouts 76 in the lead shielding layer 54 
During the above described pressing operation 
(Figure 15A). the poled piezo film layer 20 is push- 
ed through each of the cutouts 76 and is capac- 
t.vely coupled through the epoxy (not shown) be- 
tween layers 20, 24 and 54 with the oversized 
metallic elements 28 . as shown in Figure 15C 
Although not shown in Figure 15C. the relative 
position of the cushion 66 and plate glass 70 may 
be reversed so the oversized metallic elements 28' 
are pushed through the cutouts 76 and are capaci- 
t.vely coupled with the poled piezo film layer 20 
The cutouts 76 may be formed by die-cutting the 
lead shielding layer 54 to the desired dimensions 
of the quarter wave reflector elements 28. 

Figures 13A and 13B illustrate another modi- 
fication to the transducer array embodiment of the 
invention. One of the problems with large area 
sensor arrays, or arrays with several elements is 
that the generated signals may rapidly attenuate 
during transmission from the array to the instru- 
mentation due to cabling losses. Ambient electrical 
noise may also pose problems, since the mag- 
nitude of the signals may be small relative to the 
noise. The embodiment of Figures 13A and 13B 
overcomes this problem by including interface 
electronics 80 directly on the sensor array for pro- 
cessing the generated signals. The interface elec- 
trons may include, for example, buffers, preamps 
multiplexers, analog switches, charge amplifiers' 
transimpedance amplifiers or even one or more 
microprocessors. As shown in Figure 13A, the in- 
terface electronics may comprise a single' device, 
such as a surface mounted device (SMD), mounted 
close to the edge 82 of the array that receives and 



processes all of the signals from each sensor 14 
and provides the processed signals to the pin-outs 
or pads 48. An advantage of mounting the device- 
(s) close to the edge 82 is that it (they) will be free 
s from the press platens 64, 72 during assembly. 
Alternatively, there may be a device 80 associated 
with, and mounted in generally close proximity to 
each sensor 14, as shown in Figure 13B. wherein 
each device 80 receives the signals from its asso- 
w ciated sensor 14 and provides processed signals to 
he pin-outs or pads 48. In either case, the device- 
(s) 80 may be mounted directly on the 
backing/insulating layer 24. More particularly the 
dev.ce(s) 80 may be mounted on the side of the 
fs back.ng/insulating layer 24 containing the metal- 
lized pattern defining the leads 50 so that electrical 
connections between the device(s) and leads may 
be easily made. If desired, lead traces for the 
device(s) 80 may be patterned directly on the layer 
20 24 to provide mounting locations for the devices(s) 
80. and/or the device(s) 80 can be epoxy bonded 
to the the site of the mounting location. 

It has been found that a single element trans- 
ducer, as above described, or a one dimensional 
25 (i.e., one row or one column) array can be made 
without the element lead shielding layer 54. For 
one dimensional arrays of quarter wave reflector 
elements 28 which are located adjacent to the pin 
outs or pads 48, 48 , the lead shielding layer 54 is 
30 not required. Irrespective of the dimension of the 
array (i.e., one or two dimensions), the layers 24 
and 54. and the patterns thereon, can be silk- 
screened and die cut. 

The array of the embodiment of Figure 6 is 
35 useful for simple through-transmission measure- 
ments where two such arrays could be placed on 
either side of a structure, with the patterns rotated 
90 with respect to each other. In the 3 x 3 array - 
embodiment of Figure 6, nine sites would be ad- 
40 dressable with only three signal lines (plus ground) 
to each array. 

The embodiment of Figure 7 is useful where 
more quantitative measurements are needed and 
the cross talk of the embodiment of Figure 6 can- 
45 not be tolerated. 



Summation 



50 



Any commercially available ultrasonic instru- 
mentation means 18 (Figure 1). may be employed 
with the transducers 14 and transducers arrays 44 
44 described above. The transducers 14 and ar- 
rays 44. 44 are especially suitable for use with 
55 conventional pulse-echo and through-transmission 
instruments. 

The transducer and array of the present inven- 
tion are flexible and can thus conform to nonplanar 
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surfaces commonly encountered in nondestructive 
testing. The transducer or array can be adhered 
directly, for permanent or temporary use, to sur- 
faces and permits ultrasonic scanning without the 
use of a liquid acoustic coupling medium. By virtue 
of the cladding provided by the electrodes 22, 26, 
full electrical shielding is provided for use in high 
electromagnetic interference radiation environ- 
ments. Moreover, the flexible contact 
transducer/array can be installed in areas which are 
difficult or impossible to access with conventional 
piezo ceramic contact transducers, and, since they 
are lightweight, they can be adhered to the under- 
side of a structure and will remain in position. Still 
further, the flexible contact transducer/array can be 
custom cut or formed into complex shapes as 
needed, and they have acoustic impedance prop- 
erties that are much closer to many aerospace 
composite materials than non-piezo film contact 
transducers. This results in more efficient acoustic 
coupling between the transducer/array and material 
under test, and thus a more broad-band response 
and better acoustic resolution. The flexible contact 
transducer/array is inexpensive enough so that sev- 
eral can be used at an economical cost, and so 
that they can be expended after use. 

Obviously, many modifications and variations 
are possible in light of the above teachings. It is to 
be understood therefore, that within the scope of 
the appended claims the present invention may be 
practiced in other forms than as are specifically 
described herein. 



Claims 

1 . Ultrasonic contact transducer comprising: 

a) an unpoled polymeric film layer having an 
outer surface and an inner surface, the unpoled. 
polymeric film layer having a thickness that sub- 
stantially reduces acoustic reverberation within 
said layer; 

b) a first electrode shielding layer disposed on 
the outer surface of the unpoled polymeric film 
layer; 

c) a poled piezo film layer having an outer 
surface and an inner surface; 

d) a second electrode shielding layer disposed 
on the outer surface of the poled piezo film 
layer; and, 

e) a quarter- wave reflector disposed between 
the inner surfaces of the unpoled polymeric film 
layer and the poled piezo film layer. 

2. Ultrasonic contact transducer according to claim 
1 further comprising a metallic charge collection 
layer disposed between the inner surface of the 
poled piezo film layer and the quarter wave reflec- 
tor. 
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3. Ultrasonic contact transducer according to claim 
1 wherein the unpoled polymeric film layer is un- 
poled piezo film. 

4. Ultrasonic contact transducer according to claim 
5 3 wherein the unpoled piezo film layer is unpoled 

polyvinylidene fluoride. 

5. Ultrasonic contact transducer according to claim 
1 wherein the unpoled polymeric film layer is poly- 
ethylene teraphthalate. 

10 6. Ultrasonic contact transducer according to claim 
1 wherein the poled piezo film layer and unpoled 
polymeric film layer are each characterized by a 
dielectric loss tangent and the dielectric loss tan- 
gent of the unpoled polymeric film layer is less 

75 than or equal to that of the piezo film layer. 

7. Ultrasonic contact transducer according to claim 
1 wherein the poled piezo film layer has a resonant 
frequency, and the unpoled polymeric film layer, 
has an acoustic velocity and a thickness not ex- 

20 ceeding about 1/4 wavelength of the resonant fre- 
quency calculated at the unpoled polymeric film 
layer's acoustic velocity. 

8. Ultrasonic contact transducer according to claim 
7 wherein the thickness of the unpoled polymeric 

25 film layer is about 1/8 wavelength of the resonant 
freguency calculated at the unpoled polymeric film 
layer's acoustic velocity. 

9. Ultrasonic contact transducer according to claim 
7 wherein the thickness of the unpoled polymeric 

30 film layer is about 1/16 wavelength of the resonant 
frequency calculated at the unpoled polymeric film 
layer's acoustic velocity. 

.10. Ultrasonic contact transducer according to 
claim 1 wherein the poled piezo film layer has a 

35 resonant frequency and the quarter wavelength re- 
flector and poled piezo film layer each have thic- 
knesses of about 1/4 wavelength of the resonant 
frequency calculated at acoustic velocities of the 
poled piezo film layer and quarter wavelength re- 

40 f lector, respectively. 

11. Ultrasonic contact transducer according to 
claim 1 wherein the poied piezo film layer com- 
prises a layer of polyvinylidene fluoride film. 

12. Ultrasonic contact transducer according to 
45 claim 1 wherein the poled piezo film layer com- 
prises a copolymer of vinylidene fluoride. 

13. Ultrasonic contact transducer according to 
claim 1 wherein the poled piezo film layer com- 
prises one of: a copolymer comprising vinylidene 

50 fluoride and at least one of trifluoroethyiene, 
tetrafluoroethylene, hexafluoroethylene and 
vinylidene chloride; a polymer of polyvinyl chloride; 
a polymer of acrylonitrile. 

14. Ultrasonic contact transducer according to 
55 claim 3 wherein the unpoled piezo film layer is 

annealed to prevent substantial shrinkage at ele- 
vated temperatures. 

15. Ultrasonic contact transducer according to 

9 
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claim 2 wherein the metallic charge collection layer 
has a thickness of no greater than about 1000 
angstroms. 

16. Ultrasonic, contact transducer according to 

, claim 15 wherein the metallic charge collection 5 
layer has a thickness between about 100 to 1000 
angstroms. 

17. Ultrasonic contact transducer according to 
claim 16 wherein the metallic charge collection 
layer is vacuum deposited onto the inner surface of 10 
the poled piezo film layer. 

18. Ultrasonic contact transducer according to 
claim 1 wherein the first and second shielding 
electrodes are each a silk-screened conductive ink 
having a thickness of between about 3 to 5 75 
microns. 

19. Ultrasonic contact transducer according to 
claim 1 wherein the first and second electrode • 
shielding layers are vacuum deposited layers of 

one of copper, silver, nickel, aluminum, tin chro- 20 
mium and gold having a thickness no greater than 
about 1000 angstroms. 

20. Ultrasonic contact transducer according to 
claim 1 further comprising a cable for electrically 
coupling the contact transducer to an ultrasonic 25 
instrumentation means and carrying stimulation and 
return signals, the cable having at least one con- 
ductor and a shield, the conductor being elec- 
trically coupled to the quarter wave reflector and 

the shield being electrically coupled to at least one 30 
of the first and second electrode shielding layers. 

21. Ultrasonic contact transducer according to 
cla.m 20 wherein the first and second electrode 
shielding layers are shorted together. 

22. Ultrasonic contact transducer according to 35 
claim 20 wherein the electrical cable comprises a 

pair of conductors, a first conductor of the pair 
being electrically coupled to one of the first and 
second shielding electrodes, and the shield being 
electrically coupled to the other of the first and 40 
second shielding electrodes, the second conductor 
of the pair being electrically coupled to the quarter 
wave reflector. 

23. Ultrasonic contact transducer according to 
claim 1 wherein the poled piezo film layer has a 45 
thickness determined by the equation- 
d = c f /4f 0j 

where d is the thickness of the poled piezo film 
layer, c, is an acoustic velocity of the poled piezo 
film -layer, and f c is a resonant frequency of the 50 
poled piezo film layer. 

24. Ultrasonic contact transducer according to 
claim 23 wherein the quarter wave reflector has a 
thickness determined by the equation- 

* = Vr/4fo ' * 55 

where t is the thickness of the quarter wave reflec- 
tor and v r is an acoustic velocity of the quarter 
wave reflector. 



25. Ultrasonic contact transducer according to 
claim 1 wherein the transducer is one of a plurality 
of like transducers arranged in an integral one 
piece array. 

26. Ultrasonic contact transducer according to 
claim 25 wherein each of the transducers is individ- 
ually addressable. 

27. Ultrasonic contact transducer according to 
claim 25 wherein the transducers are arranged into 
a plurality of electrically coupled groups, the 
groups being individually addressable. 

28. Ultrasonic contact transducer according to 
claim 25 wherein each transducer in the array 
shares a common backing/insulating layer, a com- 
mon poled piezo film layer, and common first and 
second electrode shielding layers, but each trans- 
ducer has a separate quarter wave reflector. 

29. Ultrasonic contact transducer according to 
claim 25 wherein each transducer in the array 
shares a common backing/insulating layer, a com- 
mon poled piezo film layer, and common first and 
second electrode shielding layers, and quarter 
wave elements of groups of transducers are formed 
from a common metallic element during assembly. 

30. Ultrasonic transducer according to claim 25 
further comprising at least one electronic compo- 
nent mounted on the arra* for processing signals 
generated by each transducer. 

31 . Ultrasonic contact transducer comprising: 

a) a poled piezo film layer having inner and 
outer surfaces and a resonant frequency, the 
poled piezo film layer being selected from a 
group comprising polyvinylidene fluoride, a 
copolymer of vinylidene fluoride and at least one 
of trifluoroethylene, tetrafluoroethylene, hex- 
afluoroethylene and vinylidene chloride, a poly- 
mer of polyvinyl chloride, and, a polymer of 
acrylonitrile, and having a thickness of about 1/4 
wavelength of the resonant frequency calculated 
at an acoustic velocity of the poled piezo film 
layer; 

b) a first electrode shielding layer disposed on 
the outer surface of the poled piezo film layer; 

c) a backing/insulating layer having inner and 
outer surfaces and being selected from a group 
comprising unpoled piezo film and polyethylene 
teraphthalate and having a thickness not ex- 
ceeding about 1/4 wavelength of the resonant 
frequency of the poled piezo film layer cal- 
culated at an acoustic velocity of the 
backing/insulating layer, the poled piezo film 
layer and backing/insulating layer both being 
characterized by a loss tangent, the loss tangent 
of the backing/insulating layer being less than or 
equal to that of the poled piezo film layer; 

d) a second electrode shielding layer disposed 
on the outer surface of the backing/insulating 
layer; and, y 
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e) a metallic reflector disposed between the 
inner surfaces of the poled piezo film layer and 
the backing/insulating layer, the metallic reflec- 
tor having a thickness of about 1/4 wavelength 
of the resonant frequency of the poled piezo film 
layer calculated at an acoustic velocity of the 
metallic reflector and defining a quarter wave 
reflector. 

32. Ultrasonic contact transducer according to 
claim 31 wherein the thickness of the 
backing/insulating layer is about 1/8 wavelength of 
the resonant frequency calculated at the acoustic 
velocity of the backing/insulating layer. 

33. Ultrasonic contact transducer according to 
.claim 31 wherein the thickness of the 
backing/insulating layer is about 1/16 wavelength of 
the resonant frequency calculated at the acoustic 
velocity of the backing/insulating, layer. 

34. Ultrasonic contact transducer according to 
claim 31 wherein the backing/insulating layer is an 
annealed, unpoled piezo film layer. 

35. Ultrasonic contact transducer according to 
claim 31 further comprising a metallic coating dis- 
posed on the inner surface of the poled piezo film 
layer and having a thickness of 100 to 1000 ang- 
stroms. 

36. Ultrasonic contact transducer according to 
claim 31 wherein the transducer is one of a plural- 
ity of like transducers arranged in an integral one 
piece array. 

37. Ultrasonic contact transducer according to 
claim 31 wherein each of the transducers is individ- 
ually addressable. 

38. Ultrasonic contact transducer according ^to 
claim 31 wherein the transducers are arranged into 
a plurality of electrically coupled groups, the 
groups being individually addressable. 

39. Ultrasonic contact transducer according to 
claim 36 wherein each transducer in the array 
shares a common backing/insulating, layer, a com- 
mon poled piezo film layer, and common first and 
second electrode shielding layers, but each trans- 
ducer has a separate quarter wave reflector. 

40. Ultrasonic contact transducer according to 
claim 36 wherein each transducer in the array 
shares a common backing/insulating layer, a com- 
mon poled piezo film layer, and common first and 
second electrode shielding layers, and quarter 
wave elements of groups of transducers are formed 
from a common metallic element during assembly. 

41. Ultrasonic transducer according to claim 36 
further comprising at least one electronic compo- 
nent mounted on the array for processing signals 
generated by each transducer. 

42. Ultrasonic contact transducer array comprising: 

a) a common backing/insulating layer having 
inner and outer surfaces; 

b) a first shielding electrode disposed on the 



outer surface of the common backing/insulating 
layer; 

c) a common poled piezo film layer having inner 
and outer surfaces; 
5 d) a second shielding electrode disposed on the 
outer surface of the common poled piezo film 
layer; 

e) a plurality of quarter wave reflectors disposed 
between the inner surfaces of the common 

io backing/insulating layer and common poled 
piezo film layer; 

f) a polymeric shielding layer disposed adjacent 
the quarter wave reflectors and having a metallic 
layer defining a ground plane on a surface adja- 

75 cent the common poled piezo film layer but 
electrically isolating the quarter wave reflectors 
from each other and from the ground plane; and, 

g) a plurality of lead means disposed between 
the inner surface of the common 

20 backing/insulating layer and the quarter wave 
reflectors for providing an electrical path from 
the quarter wave reflectors to a common edge 
of the array. 

43. Ultrasonic contact transducer array according 
25 to claim 42 wherein the quarter wave reflectors are 

disk shaped, and the polymeric shielding layer is a 
polymeric film having disk shaped cutouts therein 
at locations corresponding to locations of the re- 
flectors on the backing/insulating layer, there being 
30 no metallic layer at the area immediately adjacent 
the periphery of each disk shaped cutout. 

44. Ultrasonic contact transducer array according 
to claim 43 wherein a die-cut transfer element is 
used to adhere the quarter wave element to the 

as backing/insulating layer. 

45. Ultrasonic contact transducer array according 
to claim 42 wherein each lead means provides a 
separate, individual electrical path from the com- 
mon edge of the array to a different quarter wave 

40 reflector to define a plurality of individually addres- 
sable transducers in the array. 

46. Ultrasonic contact transducer array according 
to claim 42 wherein each lead means interconnects 
a group of quarter wave reflectors and provides a 

45 separate electrical path from the common edge of 
the array to a different group to define a plurality of 
individually addressable groups. 

47. Ultrasonic contact transducer array according 
to claim 42 wherein the lead means are coupled to 

so pads disposed on the common edge of the array 
that are adapted to mate with an edge connector. 

48. Ultrasonic contact transducer array according 
to claim 42 wherein the common backing/insulating 
layer is an unpoled polymeric film layer.' 

55 49. Ultrasonic contact transducer array according 
to claim 48 wherein the unpoled polymeric film 
layer is unpoled piezo film. 

50. Ultrasonic contact transducer array according 
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to claim 49 wherein the unpoled piezo film layer is 
unpoled polyvinylidene fluoride. 
• 51. Ultrasonic contact transducer array according 
to claim 48 wherein the unpoled polymeric film 
layer is polyethylene teraphthalate. ' s 

52. Ultrasonic contact transducer . array according 
to claim 48 wherein the unpoled polymeric film 
layer has a thickness that substantially prevents 
reflection of acoustic energy incident thereupon. 

53. Ultrasonic contact transducer array according 70 
to claim 48 wherein the poled piezo film layer and 
unpoled polymeric film layer are each character- 
ized by a dielectric loss tangent and the dielectric 

loss tangent of the unpoled polymeric film layer is 
less than or equal to that of the poled piezo film , 6 
layer. 

54. Ultrasonic contact transducer array according 
to claim 48 wherein the poled piezo film layer has 
a resonant frequency and the unpoled polymeric 

film layer has a thickness not exceeding about 1/4 zo 
wavelength of the resonant frequency calculated at 
an acoustic velocity of the unpoled polymeric film 
layer. 

55. Ultrasonic contact transducer array according 

to claim 54 wherein the thickness of the unpoled 25 
polymeric film layer is about 1/8 wavelength of the 
resonant frequency calculated at the acoustic ve- 
locity of the unpoled polymeric film layer. 

56. Ultrasonic contact transducer array according 

to claim 54 wherein the thickness of the unpoled so 
polymenc film layer is about 1/16 wavelength of 
the resonant frequency calculated at the acoustic 
velocity of the unpoled polymeric film layer. 

57. Ultrasonic contact transducer array according 

to claim 42 wherein the poled piezo film layer has 35 
a resonant frequency and the quarter wave reflec- 
tors and poled piezo film layer each have thicknes- 
ses of about 1/4 wavelength of the resonant fre- 
quency calculated at acoustic velocities of the 
quarter wave reflectors and poled piezo film layer. ao 
respectively. 

58. Ultrasonic contact transducer array according 
to claim 42 wherein .the poled piezo film layer 
comprises a layer of polyvinylidene fluoride film. 

59. Ultrasonic contact transducer array according 45 
to claim 42 wherein the poled piezo film layer 
comprises a copolymer of vinylidene fluoride 

60. Ultrasonic contact transducer array according 
to claim 42 wherein poled piezo film layer com- 
prises one of: a copolymer comprising vinylidene 50 
fluoride and at least one of trifluoroethylene 
tetrafluoroethylene, hexafluoroethylene and 
vinylidene chloride; a polymer of polyvinyl chloride- 

a polymer of acrylonitrile. 

61. Ultrasonic contact transducer array according ss 
to claim 48 wherein the unpoled piezo film layer is 
annealed to prevent substantial shrinkage at ele- 
vated temperatures. 



62. Ultrasonic contact transducer array according 
to claim 57 wherein the metallic layer defining the 
ground plane has a thickness of about 0.001 inch 
less than the thickness of the quarter wave reflec- 
tors. 

63. Ultrasonic contact transducer array according 
to clam. 42 wherein the lead means comprises 
layeT mk SCreened 0nt0 the backing/insulating 

64. Ultrasonic contact transducer array according 
to claim 42 wherein the metallic layer defining the 
ground plane is silk screened silver ink. 

65. Ultrasonic contact transducer array according 
to claim 42 wherein groups of quarter wave reflec- 
tors are formed from a common metallic element 
during assembly. 

66. Ultrasonic transducer according to claim 42 
further comprising at least one electronic compo- 
nent mounted on the array for processing signals 
generated by transducers in the array. 

67. Ultrasonic transducer array according to claim 
66 wherein the electronic component is a surface 
mount device mounted on the common 
backing/insulating layer in electrical communication 
with at least one of the lead means. 

68. Ultrasonic contact transducer array comprising: 
a) a common poled piezo film layer having inner 
and outer surfaces and a resonant frequency, 
the poled piezo film layer being selected from a 
group comprising polyvinylidene fluoride, a 
copolymer of vinylidene fluoride and at least one 
of trifluoroethylene, tetrafluoroethylene, hex- 
afluoroethylene and vinylidene chloride, a poly- 
mer of polyvinyl chloride, and, a polymer of 
acrylonitrile, and having a thickness of about 1/4 
wavelength of the resonant frequency calculated 
at an acoustic velocity of the common poled 
piezo film layer; 

b) a first electrode shielding layer disposed on 
the outer surface of the poled piezo film layer; 

c) a common backing/insulating layer having 
inner and outer surfaces and being selected 
from a group comprising unpoled piezo film and 
polyethylene teraphthalate, and having a thick- 
ness not exceeding about 1/4 wavelength of the 
resonant frequency of the poled piezo film layer 
calculated at an acoustic velocity of the com- 
mon backing/insulating layer, the common poled 
piezo film layer and common backing/insulating 
layer both being characterized by a loss tan- 
gent, the loss tangent of the common 
backing/insulating layer being less than or equal 
to that of the common poled piezo film layer; 

d) a second electrode shielding layer disposed 

teyer he ° Uter SUrf3Ce ° f backin 9 /insulatin 9 

e) a plurality of metallic reflector elements dis- 
posed between the inner surfaces of the com- 
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mon poled piezo film layer and the common 
backing/insulating layer, the metallic reflector 
elements each having a thickness of about 1/4 
wavelength of the resonant frequency of the 
poled piezo film layer calculated at an acoustic 5 
velocity of the metallic reflector elements and 
each defining a quarter wave reflector; 

f) an unpoled polymeric shielding layer disposed 
adjacent the reflector elements and having a 
metallic layer defining a ground plane on a io 
surface adjacent the common poled piezo film 
layer, but electrically isolating the reflector ele- 
ments from each other and from the ground 
plane, the polymeric shielding layer having a 
thickness less than the thickness of the reflector 75 
elements; and, 

g) a plurality of lead means disposed between 
the inner surface of the backing/insulator layer 
and the reflector elements for providing an elec- 
trical path to pads disposed on a common edge 20 
of the array, the pads being adapted to mate 

with an edge connector. 

69. Ultrasonic contact transducer array according 
to claim 68 wherein the polymeric shielding layer 
comprises an unpoled piezo film. 25 

70. Ultrasonic contact transducer array according 
to claim 68 wherein groups of quarter wave reflec- 
tors are formed from a common metallic element 
during assembly. 

71. Ultrasonic contact transducer array according 30 
to claim 68 further comprising at least one elec- 
tronic component mounted on the array for pro- 
cessing signals generated by transducers in the 
array. 

72. Ultrasonic contact transducer array according 35 
to claim 71 wherein the electronic component is a 
surface mount _ device mounted on the common 
backing/insulating layer in electrical communication 

with at . least one of the lead means. 

73. Method of manufacturing an ultrasonic contact 40 
transducer array comprising the steps of: 

a) die-cutting a plurality of disk shaped ap- 
ertures in a polymeric lead shielding layer; 

b) bonding at least one metallic element to a 
common backing/insulating layer; 45 

c) placing the die-cut polymeric lead shielding 
layer over the said at least one metallic element 
with at least a group of the plurality of apertures 
being disposed thereover; 

d) placing a poled polymer piezo film layer next 50 
to the polymeric lead shielding layer; and 

e) pressing the polymeric lead shielding layer, 
common backing/insulating layer and poled 
polymeric piezo film layer together so as to 
push portions of the metallic element into the 55 
apertures and into electrical contact with the 
poled polymeric piezo film layer. 
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© Ultrasonic contact transducer and array. 
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© A flexible ultrasonic contact transducer com- 
prises an unpoled polymeric film layer and a poled 
piezo film layer. Electrode shielding layers are dis- 
posed on outer surfaces of the unpoled polymeric 
film layer and poled piezo film layer. A quarter wave 
reflector is disposed between inner surfaces of the 
two layers. An ultrasonic contact transducer array 
comprises a common poled piezo film layer and a 
common .backing/insulating layer. A plurality of quar- 
ter wave reflector elements are disposed between 
inner surfaces of the poled piezo film layer and 
backing/insulating layer. Shielding electrodes are 
disposed on the outer surfaces of the two layers. A 
polymeric shielding layer is preferably disposed ar- 
ound the quarter wave reflectors. Lead means pro- 
vide an electrical path from the quarter wave reflec- 
tors to a common edge of the array. 
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